with a small lesion by using a small electrode (MullanPortney electrode or thermocouple Levin electrode with electrically bared tip portions measuring 0.25 mm in width and 2 mm in length or 0.27 mm in width and 2 mm in length, respectively; Radionics, Inc., Burlington, MA) to minimize complications. In patients who had been treated preoperatively, mainly via the epidural route, 2 to 4 mg of morphine was injected epidurally 1 hour before cordotomy. In patients who had undergone preoperative treatment mainly with systemic administration of opioid medications, 100 to 200 g of fentanyl was injected intravenously during the cordotomy procedure. Analgesic agents were not given after cordotomy until patients complained of pain.
Characterization of Pain
New pain was defined as pain occurring within 1 week after cordotomy in a region that had not been painful preoperatively. Clinical features (onset time, location, time course, severity, and nature) and the possible causes of the new pain (existence of disease and evidence of referred pain) were examined. Differences in the clinical features of new pain among patients with different possible causes were also studied. To clarify the contributing factors of the new pain, differences in patient characteristics, preoperative pain states (location, type, severity, and duration of pain), possible causes of pain, and results of cordotomy among patients with and without new pain were analyzed. The results of cordotomy included the effect on pain sensation, relief of original pain, and degree of motor weakness. In addition, pain problems following cordotomy were examined to clarify the clinical significance of new pain. The severity of patients' new pain was assessed once it stabilized by using a verbal descriptor scale to facilitate comparison with patients' original pain. The pain was denoted as mild if it was weak and well controlled with or without analgesic agents; moderate if it was strong, but less severe and better controlled, than the original pain; and severe if it was just as intense as the original pain and could not be controlled. Referred pain was evidenced when pricking or pinching the skin evoked pain in a location spatially separate from the site of stimulation. Organic changes were examined retrospectively by using available imaging data obtained and interpreted by hospital radiologists. The changes were considered positive if abnormal findings on imaging corresponding to new pain were demonstrated before or within 2 weeks after cordotomy, and negative if these findings were not exhibited within 2 weeks before or after cordotomy. The extent of analgesia was determined by counting the number of dermatomes rendered analgesic immediately after cordotomy. Analgesia was defined as the absence of pain when the skin was pricked or pinched. Motor weakness was evaluated by assessing grip strength in the hand ipsilateral to the cordotomy within 1 week after cordotomy. Clinical features of new pain, results of cordotomy, and evidence of referred pain were prospectively assessed by interview or examination of patients by one of the authors (T.N.) daily during the 1st week postcordotomy and/or until hospital discharge or during a more protracted period in some cases.
Statistical Analysis
The unpaired Student t-test was applied for parametric data and the Mann-Whitney U-test for nonparametric data. The chi-square test was used for categorical data. A probability value less than 0.05 was considered statistically significant.
Results
New pain occurred in 33 (73.3%) of 45 patients.
Possible Causes of New Pain
Imaging was performed in 28 patients (x-ray studies in nine patients, computerized tomography scanning in 21, bone scintigraphy in four, and gallium-enhanced scintigraphy in two patients); no imaging was performed in five patients. Diseased tissue was demonstrated in eight patients who experienced new pain. In seven of these, tumor had infiltrated the other side of the adjunctive tissues: vertebrae in four patients and pelvic cavity, thigh, or retroperitoneum in one patient each. In the remaining patient, bone metastasis distant from the original lesion was found. Referred pain was identified in five other patients. The pain was referred in a radial and/or cranial direction away from the region that was rendered totally or largely 
Clinical Features of New Pain
The onset of new pain varied from 0 to 120 hours postcordotomy (median 4 hours). New pain occurred immediately at the time of coagulation or postoperatively in 14 patients, within 24 hours in 13, and between 24 hours and 5 days in six patients. In all cases the new pain was localized to the side opposite that of the original pain, in a mirror-image position in 28 patients and rostral to the corresponding site of original pain in five patients. In the latter five patients, the original pain was located in the lower extremities, whereas the new pain was located in the chest in three patients, in the groin in one patient, and in the iliac region in one patient. The new pain was qualitatively different from that of the original pain in 18 patients, similar but somewhat different in 11, and the same in four patients. The new pain was temporary in seven patients, mild in 13, moderate in 12, and severe in one patient. The severity of new pain decreased and became stable between 1 day and 30 days (median 3.5 days) after cordotomy in 12 patients. In these 12 patients, the new pain was temporary in seven and mild in five. The severity of new pain did not change in eight patients, remaining mild in seven and moderate in one. It increased and became stable between 1 day and 90 days (median 8 days) in 13 patients, resulting in mild or severe pain in one patient each and moderate pain in 11 patients. In all but one patient, the new pain was better controlled than the original pain at doses of analgesic agents equal to or lower than those used to treat the original pain. In the one exception the patient required the same dose of analgesic agent for the new pain as had been used for the original pain.
Three patients who experienced moderate or severe new pain underwent a second cordotomy, contralateral to the original one, which resulted in satisfactory relief of the new pain. Two other patients with moderate, long-lasting new pain received a selective nerve block in the area that gave rise to the original pain, resulting in relief of the new pain. In one patient with referred pain (Case 42), the new pain in the left side of the chest was relieved by administration of a subarachnoid phenol block in the right side of the chest for the original pain. In the other patient (with no referred pain or tissue disease, Case 68), new pain in the right side of the chest was relieved using an epidural analgesic agent given for the original pain in the left lower extremity. These latter results support the idea that the occurrence of new pain depended on input from the region that originally was painful.
In five patients, referred pain was recognized immediately (four patients) or within 6 hours postcordotomy (one patient). In four of five cases, onset of the new pain occurred simultaneously with the referred pain. Referred pain evoked by pricking or pinching skin within the originally painful region was localized to approximately the same site as that of the new pain in all cases (Table 3) . Cases 42 and 68 as well as another five cases in which there was evidence of referred pain have been presented in earlier reports. 15, 16, 18 
Differences in Clinical Features of New Pain With Different Causes
The incidence of new pain that was the same or similar in quality to the original pain occurred significantly more frequently in patients with confirmed tissue disease (seven of eight patients) than in those in whom there was evidence of referred pain (zero of five patients; p Ͻ 0.01). The incidence of increased pain severity was significantly higher in patients with tissue disease (six of eight patients) than in those with referred pain (two of five patients) or in those in whom there was no evidence of tissue disease or referred pain (four of 15 patients; p Ͻ 0.05). The incidence of uncontrolled new pain (moderate or severe) was significantly higher in patients with tissue disease (six of eight patients) than in those in whom there was no evidence of tissue disease or referred pain (four of 15 patients; p Ͻ 0.05) ( Table 4 ). There was no difference in onset time or location of pain among groups.
Differences Between Patients With and Without New Pain
There were no significant differences in patient characteristics, preoperative pain states, possible causes of pain, or effect of cordotomy on motor function between patients with and without new pain (Table 5 and Fig. 1 ). Regional analgesia occurred in 39 patients and only hypalgesia in six patients following cordotomy. New pain occurred only in patients who experienced regional analgesia and did not occur in patients in whom only hypalgesia was produced. The number of patients experiencing regional analgesia was significantly higher among those suffering new pain (33 of 33 patients) than among those without new pain (six of 12 patients; p Ͻ 0.0001) (Fig. 2) . In 32 patients suffering new pain, the originally painful area was included within the region of analgesia; in only one patient with new pain was hypalgesia experienced in the originally painful region and the left lower extremity, and analgesia was experienced at the site above that of the original pain.
There was a significant difference in the number of dermatomes rendered analgesic in patients who experienced new pain (median 16, range 6-28) compared with those in patients without new pain (median 4, range 0-25; p Ͻ 0.01). When patients were excluded, there was no significant difference in the number of dermatomes rendered an-
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New pain following cordotomy 427 Table 6 ). These data indicate that the loss of pain sensation, rather than the regional extent of analgesia, may be an important factor related to the occurrence of new pain.
Immediately after cordotomy, complete relief from original pain was achieved in 44 patients and incomplete relief in one. There was no significant difference in the incidence of complete relief from the original pain immediately postcordotomy when patients with and without new pain were compared (33 of 33 compared with 11 of 12, respectively; Fig. 3 ). The original pain recurred within 1 week after cordotomy in 10 patients (three patients with and seven patients without new pain). At this time, there was a significant difference in the incidence of complete relief of original pain between patients with and those without new pain (30 of 33 compared with four of 12 patients, respectively; p Ͻ 0.0001). This shows that an irreversible lesion of spinal nociceptive pathways sufficient to produce long-lasting relief from the original pain may be an important contributing factor in the development of new pain.
Other Complications
Urinary dysfunction developed in two patients who had complained of pain in the lower extremity and had had a sensory disturbance in the sacral nerve territory prior to cordotomy. No patients suffered from respiratory failure.
Pain Problems After Cordotomy
The median follow-up period after cordotomy in the 45 patients was 44 days (range 4-570 days). No pain was reported by four of 45 patients during the follow-up period. In three patients experiencing new pain, the original pain recurred within a few days postcordotomy and became a problem; the new pain continued in two and disappeared in one. Overall, major postcordotomy pain problems consisted of the development of new pain in 30 patients and recurrent or incompletely relieved original pain in 11 patients.
Discussion
This is the first comprehensive report on the clinical features, possible causes, and contributing factors of new pain following cordotomy.
Incidence of New Pain
In this study, 73.3% of patients complained of new pain following cordotomy. This figure is higher than those of previous studies in which reported incidences have ranged from 6.5 to 72%. 2, 8, 9, 12, 22, 24 These discrepant incidences of new pain may be attributed to differences in the definition Pain severity was classified as follows: mild = pain was weak and well controlled with or without medication; moderate = pain was strong but less severe and better controlled than the original pain; severe = pain was just as intense as the original pain and could not be controlled. ** If controlled pain (temporary plus mild) and uncontrolled pain (moderate plus severe) were compared.
of new pain among researchers, or to variations in the degree of attention given to new pain by observers. The high incidence of new pain in this study shows that new pain is a common complication of cordotomy.
Pathophysiological Mechanisms Underlying New Pain
In diseases as dynamic as cancer, it is not surprising that elimination of primary pain may unmask a different but clinically significant pain. There is a much higher incidence of new pain following cordotomy, however, compared with other procedures that interrupt nociceptive transmission such as subarachnoid phenol block, 2,17 thus indicating that some mechanism specific to cordotomy promotes the occurrence of new pain. The results of experimental studies have shown that anterolateral spinal lesions result in behavioral hyperalgesia and dorsal horn hyperexcitability to noxious stimuli applied ipsilaterally to segments caudal to the lesion; 25 this is probably due to interruption of descending inhibitory systems. 25, 26 Moreover, interruption of ongoing nociceptive input from the originally painful region appears to diminish activity in descending inhibitory systems. 7 Reduced descending inhibition might conceivably play an important role in the pathogenesis of new pain following cordotomy. Contralateral referred pain, especially in a mirror-image location, has also been reported for conditions other than cordotomy such as nociceptive 1, 4 and neuropathic 23 pain. The results of experimental studies indicate that referred pain in such situations results from the activation of contralateral nociceptive spinal neurons through either direct commisural connections or supraspinal loops. [1] [2] [3] 13 We speculate that mechanisms of referred pain may be enhanced following cordotomy. This may be accomplished by disinhibition, such that nociceptive inputs from the originally painful region activate contralateral dorsal horn neurons by subsidiary ascending or commissural pathways. 16 The present data and those of our previous study (Case 42) 18 provide further support for the idea that referred and new pain may share a common underlying neural mechanism. The abrupt withdrawal of opioid medications following * Chi-square test. † Unpaired Student t-test. ‡ Pain severity was assessed using a visual analog scale with scores ranging from 0 (no pain) to 10 (pain as severe as it could be).
§ The sum in each group is less than the total number of patients because imaging studies were not performed in all patients.
Tissue disease was exhibited in the region contralateral and contiguous to the lesion corresponding to the original pain. cordotomy might further enhance these mechanisms. 10 Alternatively, functional changes in the central nervous system induced by prolonged nociceptive input may play some role in the pathogenesis of new pain. 6 Nevertheless, this is not supported by our observation that there were no differences between patients with or without new pain in the duration, severity, or quality of their original pain (Table 5).
For eight patients with new pain and confirmed tissue disease, we speculate that nociceptive input from the abnormal tissue, enhanced by disinhibition, might have contributed to the pathogenesis of new pain. Consistent with this, most of these eight patients experienced a gradual increase in the severity of their pain, which remained similar in quality to the original pain. Referred pain has a tendency to occur in painful or previously painful regions; 11 it is thus conceivable that nociceptive inputs from the originally painful region and from pathological tissue might combine. For the 15 patients who did not have diseased tissue or referred pain, we speculate that their new pain represented referred pain from the original painful region. It is important to note, however, that we cannot discount the possibility that imaging may have failed to demonstrate diseased tissue in some patients, particularly because disease is often only detected long after the onset of pain. This is not inconsistent with the absence of experimentally evoked referred pain in these patients, because referred pain is evoked more readily by intense and prolonged stimulation of deep tissue, as in cancer pain, than by brief and weak stimulation of superficial tissue used to test for referred pain. 5 This speculative explanation is supported by data from a previous case report on one of the patients (Case 68). 15 
Clinical Features of New Pain
New pain occurred immediately in approximately 50% of the patients and within 24 hours postcordotomy in approximately 80% of the patients. This rapid onset of new pain indicates that the underlying neural circuitry was latently available before the cordotomy. The mirror-image location of the new pain that was observed in most patients postcordotomy is consistent with data from previous reports. 2, 8, 9, 12, 22, 24 Commissural pathways to the contralateral spinal dorsal horn [1] [2] [3] 13 (see earlier discussion) and/or tumor infiltration into contiguous, contralateral tissue may contribute to the high incidence of new pain in the mirrorimage location.
In most patients with diseased tissue, the intensity of the new pain increased to a moderate or severe level. On the other hand, the intensity of new pain decreased or did not change in 70% of patients who had no disease, and only increased in 30%. Patients in whom diseased tissue is restricted to one side thus appear to benefit more from unilateral cordotomy. The differences in outcome may involve some balance between disinhibition and disfacilitation of spinal nociceptive circuitry. 7 
Factors Contributing to the Occurrence of New Pain
The present results indicate that an important contributing factor to new pain is the loss of pain sensation, especially when the cordotomy lesion is permanent and affords long-lasting pain relief. This is also an essential factor for long-lasting relief of original pain. 9, 20, 21 Unfortunately, the present data do not allow us to determine whether the new pain is more closely associated with the loss of pain sensation in the original painful region or in any surrounding region. In any case, it must be recognized that new pain is an intrinsic and largely unavoidable consequence of unilateral cordotomy.
Clinical Importance of New Pain
Cordotomy is a very effective procedure for the reduction or elimination of almost all types of cancer pain. 8, 14 The well-known respiratory, motor, and urinary dysfunction associated with cordotomy may be avoidable by proper procedure and patient selection. 8, 14 On the other hand, the occurrence of new pain following cordotomy is unpredictable and largely unavoidable. New pain occurred in most patients and, together with recurrence or incomplete relief of the original pain, imposed a major postoperative pain problem. Nevertheless, it is our opinion that unilateral cordotomy can be indicated for patients with uncontrollable unilateral pain because, in nearly all cases, the new pain was weaker and more readily controlled than the original pain. This is particularly true for patients in whom tissue disease has not spread to the contralateral side of the body.
Recently, the treatment of cancer pain has been markedly facilitated by the guidelines issued by the World Health Organization in 1986, which recommend increasing the dose of opioid medications until pain is relieved or serious side effects occur. 27 In the present study, these guidelines were not followed for those patients who began treatment before 1986. In those patients, the new pain as well as the original pain might have been more effectively treated with analgesic agents if current treatment regimens had been adopted.
Conclusions
Following unilateral cordotomy to relieve cancer pain, novel spontaneous pain occurs in a majority of patients. The new pain occurs most commonly in a mirror-image location on the contralateral side of the body. The incidence of new pain is more closely related to the expression of analgesia, rather than to the severity or duration of the previous pain. It is speculated that the new pain results from chronic alterations in spinal cord pain circuitry coupled with disinhibition due to lesioning of descending pathways. Nevertheless, unilateral cordotomy may still be indicated for patients with uncontrollable unilateral pain because, in nearly all cases, the new pain was weaker and more readily controlled than the original pain, particularly in patients in whom disease had not spread to tissue on the opposite side of the body.
